Korean salamanders of the genus Hynobius are currently classified into 3 species, H. leechii, H. quelpaertensis, and H. yangi. To investigate the phylogenetic relationship of these species, we analyzed the partial sequence of mitochondrial cytochrome b gene (907 bp) of 197 specimens from 43 regions in South Korea. Of these specimens, 93 were additionally examined with 12S rRNA (799 bp). Based on the partial sequence of the mitochondrial cytochrome b gene and 12S rRNA, 89 and 36 haplotypes were defined, respectively, consisting of six subclades (H. leechii, H. quelpaertensis, H. yangi, HC1, HC2, and HC3). Among these subclades, the three subclades (HC1, HC2, and HC3) were clearly separated from the 3 previously reported species in the genus Hynobius. Pairwise sequence divergence between the six subclades ranged from 6.3 to 11.2% in cytochrome b gene and 2.0 to 4.3% in 12S rRNA. These results indicate there may be more divergent populations than the three currently described. Moreover, the estimation of divergence time revealed that the Hynobius species in South Korea diverged during the Miocene epoch, approximately 9 -5 MYA. In addition, we confirmed the distribution of the three known species (H. leechii, H. quelpaertensis, and H. yangi) and determined the distributions of new, distinct groups (or subclades; HC1, HC1, and HC3). To more accurately establish the taxonomic status and population structure, further genetic, morphological, and ecological studies will be needed.
INTRODUCTION
In Asia, the genus Hynobius, the largest genus in Hynobiids, consists of 32 species of salamanders (Amphibiaweb, 2010; Frost, 2009 ). Among the 32 species, three species are known to be distributed in South Korea: the Korean salamander (H. leechii), the Jeju salamander (H. quelpaertensis), and the Kori salamander (H. yangi) (Boulenger, 1887; Kim et al., 2003; Yang et al., 2001) . Among those species, H. quelpaertensis and H. yangi are endemic to South Korea, while H. leechii is distributed in Northeast China, North Korea, and South Korea (Am-phibiaweb, 2010; Kim et al., 2003; Yang et al., 2001) . In South Korea, H. leechii inhabits most of the country except for Jeju Island and some parts of the southern coastal area. The Jeju salamander's (H. quelpaertensis) range of distribution is identified as mainly Jeju island, as its name indicates, but it is also found in the southwestern coastal regions of the Korean peninsula, including Namhae, Jindo, and Haenam (Yang et al., 2001) . The Kori salamander (H. yangi) so named because it was first discovered in the Kori area of Busan is reported to have a distribution quite restricted to within a 20 km 2 region (Korea hydro & nuclear power CO., LTD, 2004) .
Significant declines in amphibians have been reported worldwide. Nearly one-third of amphibian species are threatened and faced with extinction due to habitat loss, global warming, and emerging diseases, such as chytridiomycosis (Batrachochytrium dendrobatidis) and Ranavirus (Iridoviridae) (Pasmans et al., 2004; 2008; Stuart et al., 2004) . In South Korea, major declines in amphibian populations have been primarily caused by human activities (Min et al., 2008) including road construction and progression of civilization. Furthermore, those factors are worked as potential physical barriers not only for amphibian population but other vertebrates (Lee et al., 2008) .
The three species of Hynobius in South Korea are confronted with severe habitat destruction and fragmentation; especially, the Kori-salamander whose distribution is very limited. Construction of a nuclear power plant necessitated the translocation of the main population of this species from its type locality to an alternative habitat in 2006. Aside from economic growth and development, emerging disease is another great cause threatening amphibian populations (Stauart et al., 2004) . Recently, Yang et al. (2009) revealed that chytridiomycosis, which can cause severe mortality rates in infected amphibians, was detected in wild populations in South Korea, indicating the need to pay more attention to amphibian conservation and protection. Despite the urgent need to understand these species better to efficiently protect and conserve them, very little information is available on the genus Hynobius thus far.
There have been several studies regarding the phylogenetic relationship of the Hynobius species in South Korea using a variety of methods, including mitochondrial DNA RFLP (Lee and Jung, 1993), chromosome banding technique (Ag NOR's staining) (Cha and Lee, 1995) , mitochondrial DNA sequence analysis (Lee et al., 1998) , and isozyme electrophoresis (Kim et al., 2007; Yang et al., 1997; 2001) . As a consequence of the previous studies, H. quelpaertensis and H. yangi were considered unique species, separate from H. leechii (Kim et al., 2003; Yang et al., 2001) .
Even though distributions of Korean Hynobius species are relatively well known, there is controversy due to the lack of diverse sampling sites in previous studies, especially in the southern parts of the Korean peninsula (Cha and Lee, 1995; Lee and Jung, 1993; Lee et al., 1998) . Furthermore, it is very difficult to distinguish the three species by morphological characteristics alone. Thus, distributions along the southern coast and islands are unclear and need further investigation. Our study aims to: 1) clarify the species status, distribution, and marginal boundary of the species in Hynobius, 2) renew the distribution of each species in the genus Hynobius, and 3) examine molecular genetic variations and phylogenetic relationships among the species using mitochondrial DNA (mtDNA) cytochrome b (cyt-b) and 12S rRNA genes.
MATERIALS AND METHODS

Materials
Adult salamanders were collected from 2007 to 2009. Sampling was mostly concentrated to the southern coastal regions, including several islands. A total of 197 specimens of Hynobius spp. were collected from 43 sites across the species range in the southern part of the Korean peninsula (Fig. 1) . Map number, locality information, and number of individuals are listed in Supplementary materials. All specimens collected were euthanized by submersion in a 10% solution of MS-222 (Cat. No. A5040, Sigma-Aldrich, USA) and tissue was collected from the tongue for genetic analysis. All voucher specimens were deposited at the Conservation Genome Resource Bank for Korean Wildlife (CGRB) in Seoul National University.
One hundred eighty two of the 197 Hynobius samples were used for analysis of mtDNA cyt-b DNA sequence variation. Additionally, we examined the 12S rRNA from 93 specimens. The sequences of mtDNA cyt-b and 12S rRNA were deposited in GenBank and the accession numbers are given in Supple 
DNA extraction, PCR amplification and sequencing
Whole genomic DNA was extracted from tissue samples using the DNeasy tissue kit (Cat. No. 69506, Qiagen, USA) following the manufacturer's protocol. Six primers were applied to amplify the mtDNA cyt-b and 12S rRNA genes. The partial mtDNA cytb gene was amplified with a set of primers, 12F (5′ GGC CCA CCC AAT TCG AAA AAC 3′) and 12R (5′ GTT GTT CGA CTG GTT GTC CG 3′), previously designed from the complete nucleotide sequences from the four species in the same genus (Oh et al., 2007) . Four primers were used to amplify the 12S rRNA; 1F (5′ GGT TTG GTC CTA GCC TTA CT 3′) and 1R (5′ CTT TTG CCA CAG AGA AGG GT 3′) from Oh et al. (2007), 12SL (5′ AAA GCA CGG CAC TGA AGA TGC 3′) and 12SR (5′ TTT CAT GTT TCC TTG CGG TAC 3′) from Wang et al. (2000) . The PCR reaction consisted of 10-50 ng genomic DNA, 0.2 mM dNTPs, 1.5 mM MgCl 2 , 1 μM of each primer, 1 unit of Takara Taq™ (Cat. No. R001A, Takara, Japan), and 10 X PCR buffer in total volume of 30 μl. PCR conditions were as follows: 2 min at 94°C, 30 cycles of 10 s at 94°C, 15 s at 53-57°C, 1 min at 72°C, and an extra extension for 7 min at 72°C (Oh et al., 2007) . PCR products were checked on 1.5% agarose gels and purified with the Zymoclean Gel DNA Recovery Kit (Cat. No. D4002, Zymo research, USA). All samples were sequenced on an ABI3730XL (Applied Biosystmes, USA) according to the manufacturer's instructions.
Phylogenetic analysis
The partial sequences of mtDNA cyt-b gene and 12S rRNA were edited and aligned using Sequencher 4.8 (Gene Codes, USA). Multiple alignments were made using CLUSTAL X 1.83 (Thompson et al., 1997) . Haplotype and nucleotide diversities were calculated using DnaSP version 5.0 (Librado and Rozas, 2009). The pairwise sequence divergence between subclades was calculated by MEGA version 4 (Tamura et al., 2007) using p-distance.
DNA molecular phylogenies were reconstructed by maximum likelihood (ML) methodologies with PAUP 4.0b10* (Swofford, 2002) . The best fit model of sequence evolution was chosen on the basis of Akaike information criterion (AIC) as performed in MODELTEST 3.7 (Posada and Crandall, 1998) , and TVM + I + G model was selected; Base frequencies of 0.3431, 0.2339, 0.1296, and 0.2934 for A, C, G and T nucleotides respectively; Substitution rates of 1. 9929, 30.5858, 2.9196, 0.8769, 30.58598 , and 1 for A-C, A-G, A-T, C-G, C-T, and G-T nucleotide r-ate; Proportion of invariable sites = 0.5655; a gamma distribution shape parameter = 0.5821. The ML topologies were
